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Ballado Investme nts Inc. -- Republic of Panama 

Multi -Phase Linear Moto r with Induction Coils Arranged on an Axis 
Perpendicular to the Direction of Motion 

This invention pertains to the field of multi -phase linear 
electromagnetic motors. As one skilled in the art is aware, such 
motors are currently made up of a row of magnets if they are of the 
iron-core type or of two lines of magnets if they are compensated 
(ironless) motors. Induction coils (also called "phase coils 11 ) are 
arranged face to face with such magnets, in such a way as to be 
arranged transverse to the flux that is generated by the permanent 
O magnets. In typical multi-phase motors, the coils that make up the 
g phases (typically three coils, but in some cases two) are arranged 
pg longitudinally, in such a way as to be arranged in line in the 
*y direction of the motor 1 s motion. The coils are thus arranged on an 
m axis parallel to the motion. 

p The coils that make up the phases are intersected by a current that 
gi generates the actual force of the motor. 

p The current that passes through each of the phases has a sinusoidal 
plot in the direction of motion of the motor itself, in such a way 
that it generates a force which, again with respect to the 
direction of motion, is of the sine squared type. 

In a two-phase motor (having two sets of phase coils) , the two 
phases are intersected by a current that is mutually offset by 90°. 

In a three-phase motor (the most common kind) , the three phases are 
intersected by a current that is mutually offset by 120°. 
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For the sake of simplicity, reference will be made to the operation 
of the most common motor (the three-phase motor) , even though all 
the statements are also valid for motors having more or less than 
three phases. 

As described above, in order for the three-phase motor to operate 
properly, it is necessary for the three phases (whereby each phase 
is made up of at least one induction coil) to be made up along the 
direction of motion until a line of coils is formed. 

Having the phases be distributed in this way means that a 
significant amount of room is taken up in the direction of motion 
of the motor itself. 

^ This creates a significant longitudinal bulk for each individual 

rg linear motor, and this drawback creates considerable difficulties 

00 in cases where machines with multiple operating stations arranged 

1» in series are used. 

7"" The inventor of this invention has thought up a new way of 

p arranging the component parts of a linear motor, whereby said 

«! arrangement makes it possible to avoid the above-described 

3 U 

LI drawback . 

The inventor has, in fact, thought up a linear electromagnetic 
motor in which the coils that comprise the phases of the motor are 
arranged on a line that is perpendicular to the rows of magnets. 

In this way, as will be explained further below, a considerable 
amount of room is saved in the direction of motion, with less bulk 
for the operating units that are assisted by one or more linear 
motors . 
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The object of this invention is in fact a mult i -phase linear motor 
as described in the preamble to attached Claim 1, characterized by 
what is stated in the characterizing part of the same claim. 

A description will now be given of some preferred embodiments of a 
linear motor according to the invention and, in this connection, 
reference will also be made to the attached drawings, where: 

- Figure 1 shows the known plot of the electro-motive 
forces in a three-phase linear motor; 

— Figure 2 shows the layout of the basic parts of a 
three-phase linear motor according to the state of the 
art ; 

- Figure 3 shows the layout of the basic parts of a 
three-phase linear motor according to the invention; 

- Figure 4 shows the arrangements of the parts of four 
conventional three-phase linear motors, arranged side by 
side in such a way as to operate an equal number of 
stations of an operating unit; 

— Figure 5 shows the arrangements of the parts of four 
three-phase linear motors according to the invention, 
arranged side by side in such a way as to operate an 
equal number of stations of an operating unit; 

— Figure 6 shows a cross-section of an operating unit for 
high-speed drilling aided by a three-phase linear motor 
designed according to the invention. 



Figure 1 shows the plots Fa, Fb, Fc of each of the electro-motive 
forces as longitudinal position varies, and it is clear that 
resultant force F remains essentially constant. 

Figure 2 shows how magnets 12i and phase coils 13 i are presently 
arranged in a linear motor 11 according to the state of the art in 
order to achieve the effect described in Figure 1: magnets 12i are 
arranged in one or two parallel rows, and face to face with them 
are three coils 13A, 13B, and 13C, in each of which there flows an 
alternating current that is offset by 120° relative to the adjacent 
coils. In this way the desired effect is achieved of an 
essentially constant force acting on the entire set of magnets 12i, 
as indicated above, but note should also be taken of the bulk along 
the direction of motion of motor 11; said bulk is due to the need 
to align three coils 13A, 13B, and 13C, which are spaced at 
appropriate intervals . 

Figure 3 shows the arrangement of the parts in a three-phase linear 
motor 1 according to this invention; three coils 3i, in which 
currents flow that are offset by 120°, are arranged along line L, 
which is perpendicular to the motion. If four lines Mn of magnets 
2i are integral with the machine and if three coils 3i are integral 
with the object to be moved, the resultant of the motive forces is 
essentially constant, as is achieved with the above -described 
arrangement and is currently used, but the bulk along the direction 
of motion is a third as much or less because said bulk is produced 
by the dimensions only of one of phase coils 3A, 3B, or 3C. 

The effects of the advantages that are obtained in this way are 
especially evident in Figure 5. 

Four series of phase coils 3i, arranged side by side, of four 
linear motors 1 of the invention, which assist an equal number of 



stations Ml, M2 , M3 , M4 of a single operating unit, are arranged 
side by side in multiple rows of magnets 2i, whereby each row of 
these series is integral with each of said stations. 

By controlling each linear-motor unit 1, it is possible to manage 
to advantage the operations of each station in such a way as to 
coordinate them as required. A single glance clearly shows the 
difference in transverse bulk for a similar operating unit having 
four stations Ml, M2 , M3 , M4 that are assisted by an equal number 
of linear motors 11 according to the state of the art (the 
three-phase linear motors are marked in their aggregate) . 

Figure 6, finally, shows linear motor 1 according to the invention 
which, for reasons of power, has three pairs of phase coils 3i and 
O three double rows of magnets 2i, each arranged among coils 3A, 3B, 

3C of each pair, attached to a drilling unit 9, for which linear 
motor 1 determines the desired amounts of progress in the direction 
perpendicular to the plane of the figure. The limited bulk of 
linear motor 1 of the invention is also evident in this case, which 
is the goal that the inventor set itself. 

It is also clear, within the framework of the teachings of the 
attached claims, that it is possible to design different 
embodiments of the linear motor of the invention by attaching more 
parallel series of coils, varying the number of rows of magnets to 
which the flux of each coil is linked, using pairs of coils instead 
of single coils, etc.. 
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